INTRODUCTION
Turbulent fluid flow can often be successfully employed to increase interfacial transport rates in a variety of industrial unit operations.
Many electrochemical processes, such as electrowinning, electrochemical synthesis, and electrodialysis, tend to be rate-limited by slow mass transfer. The application of turbulent in place of laminar electrolyte flow in these processes permits higher operating current densities and thereby improves the space-time yield of the electrochemical system.
The most direct method to induce turbulent flow in an electrochemical cell is to raise the electrolyte velocity (1) , but this technique may result in an unacceptable increase in electrolyte pumping power (2) .
Other viable methods include insertion of flow obstacles into the electrolyte flow stream(3), moving nets across the electrode surface(4), applying magnetic fields (5) or ultrasonic waves (6) , and use of suspended particles (7) .
The limiting-current technique(8) is a powerful tool that has been used by many investigators (9) to characterize the local distribution of mass transfer rates at electrode surfaces under conditions of turbulent flow.
Of particular relevance to the present study are applications of the limiting-current technique (3.10-18) to evaluate the enhancement of mass-transfer rates by placing flow obstacles in the electrolyte flow stream. These investigations have provided valuable data to guide the optimal selection of fluid flow rates, cell geometry, and promoter shape, size, and spacing.
The purpose of the present work is to employ interferometry (19, 20) to characterize mass-transfer enhancement by turbulent flow, thereby vection. The primary current density distribution in this cell was calculated(31) to be nearly uniform; local current densities deviate from the average current density by no more than 1% for 97% of the electrode surface. The deviations from uniform primary current density occur only within a few centimeters of the coplanar junctions between conductor and insulator, i.e. at the leading and trailing edges of the electrode.
When current is passing, the electric field effect (and the associated small nonuniformity of the primary current density distribution) is moderated by the presence of charge-transfer and mass-transfer over potentials. The resulting tertiary current distribution is even more uniform than the primary distribution. Near the limiting current density, the current distribution reflects local variations in mass-transfer boundary layer thickness. .. mA/cm at Re -1500. Average applied current densities are listed in Table 1 .
Note that limiting current densities are not approached, except near the trailing edge of the cathode for the single experiment 2 at Re -500 and i -5.0 mA/em , which was performed for Qualitative avg comparison purposes only.
The five obstacles were placed in the flow channel for some of the laminar flow experiments (Re -500 and 1500); no flow obstacles were employed for the turbulent-flow experiments (Re -5,000 and 10,000). cm ), the friction factor f computed from Eq. (4) would increase by a factor of only 1.7 over that for a smooth electrode. Mass transfer boundary edge (Eq.2), calculated as twice ·the Nernst boundary layer thickness(33).
-24- Re -1500, iayg -2.5 mA/em • Designations as in Fig. 10 . Figure 12 . Nernst boundary-layer thicknesses at He -500.
Ordinate: Nernst-boundary layer thickness (mm).
Abscissa: reduced distance z/L from cathode leading edge.
• derived from experimental interferograms.
Norris and Streid correlation(38).
----boundary layer-thicknesses near obstacles.
a: z -22 cm, location of smaller semi-circular cylinder.
b: z -32 cm, larger semi-circular cylinder.
c: z -47 cm, triangular parallelepiped.
d: z -62 cm, rectangular parallelepiped.
e: z -82 cm, large circular cylinder. Figure 13 . Nernst boundary layer thicknesses at He -1500.
tiona as in Fig. 12 .
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